Objective: The purpose of this analysis was to investigate the effect of oral feeding experience on clinical outcomes (time to full oral feedings and length of stay) in preterm infants.
Introduction
Competence at oral feeding is a criterion for discharge from the neonatal intensive care unit (NICU) for infants who are born preterm. 1 It is the inability to feed orally, either in bottle or breast that often delays discharge, thus increasing the length of NICU stay. Increased NICU stay has been correlated with increasing iatrogenic risk of complications. 2 More importantly, the process by which preterm infants attain feeding competence may be important to short-and long-term development as feeding skills are neurologically derived. 3 There are no definitive criteria to guide decisions about when to initiate and how to progress oral feedings in preterm infants. 4 In fact, preterm infants often progress in oral feedings using a trialand-error approach that may contribute to poor clinical outcomes and altered development because of the randomness of neurological stimulation that such an approach provides. 5 In addition, preterm infant feeding is relatively complex. The infant is born before the normally expected maturation of various systems has occurred, particularly the neurological system, which controls the coordination of sucking, swallowing and breathing. 6 In addition, the infant's other systems, especially those responsible for cardiorespiratory control, have not matured sufficiently. 7 Thus, the normal, evolutionary expected pattern of feeding is not present. The infant has to learn to feed, something that would occur almost reflexively at term birth.
Thus, preterm infants are challenged to feed orally much sooner than there is any reason to suspect that they can feed. Moreover, they are expected to achieve oral feeding skills under adverse conditions, with multiple caregivers who may not be attentive to signs of readiness. 8 One aspect of preterm infant feeding that has received little research attention is the function that feeding experience has on the achievement of oral feeding consumption. [9] [10] [11] [12] The purpose of this analysis was to investigate the effect of oral feeding experience on preterm infants' clinical outcomes. For this analysis, feeding experience was defined as the number of oral (nipple) feeding opportunities the infant received once oral feedings were started. A feeding was considered an oral feeding opportunity if the infant was taken out of the incubator, swaddled and offered the feeding by nipple; the feeding was counted as an oral feeding regardless of the amount of fluid ingested. Clinical outcomes included either the time in days to full oral feeding from the first oral feeding and length of stay or the time to discharge in days from the first oral feeding. Day of full oral feeding was further defined as the second day on which 100% of all prescribed feeding volume was taken orally, or in other words, after 48 h of all oral consumption occurred. In addition, as oral feeding has been considered a source of energy expenditure 13 that might lead to slower weight gain, weight gain changes were also analyzed. It was hypothesized that the amount of oral feeding experience would predict days to full oral feeding and length of stay after oral feedings were initiated.
Methods
The data reported here were from a sample that included 95 preterm infants who participated in a non-experimental study of feeding readiness. 9 There was no intervention. Data were collected over 3 years. Infants were eligible for the study if they were born at less than 32 weeks post-menstrual age (PMA) and had no known gastrointestinal, craniofacial, cardiovascular, neurological or muscular defects. Infants were also excluded if they were not able to feed orally at 32 weeks PMA; this criterion resulted in infants being excluded who were on mechanical ventilation, including continuous positive airway pressure (CPAP), or who were otherwise physiologically unstable at 32 weeks PMA. Characteristics of the sample are seen in Table 1 . The analysis was completed on data from 92 of the subjects; data from 3 subjects were excluded because infants had been orally fed before the start of the study protocol.
Infants were observed at one oral feeding daily or every other day depending on their morbidity rating for 10-14 observations. Oral feedings were initiated when infants were between 32 and 34 weeks PMA. The research setting provides minimal policies about offering oral feedings. Although infants are fed on an every 2-or 3-h schedule depending on infant weight, once an infant is between 32 and 34 weeks PMA, not mechanically ventilated, and without distress, the nurse care providers decide if a feeding will be offered orally or given by gavage. There is no protocol for the number of oral feedings to offer per day or for frequency or progression of the number of oral feedings.
A number of measures were taken for variables thought to affect feeding including morbidity and neurodevelopmental maturity. Morbidity was measured using the Neonatal Medical Index (NMI), 14 which assesses how ill infants are during the hospital stay. NMI scores at 32 weeks PMA have been reported to be predictive of PMA at full oral feedings.
10 NMI classifications range from 1 to 5, with 1 describing preterm infants without serious medical problems and 5 describing infants with the most serious complications; birth weight but not gestation is factored into the scale. The NMI was scored at 32 weeks PMA. Neurodevelopmental maturity was measured using PMA, day of life (DOL) and the Neurobehavioral Maturity Assessment (NMA). 15 The NMA includes three simple measures of maturity, namely scarf sign, popliteal angle and tone. Data collectors were trained in techniques to assess the NMA, and interrater reliability among data collectors was maintained at >95%. PMA and DOL increase by 1 on each consecutive day using birth PMA as the start for the daily PMA measure and using the day of birth as the start for the daily DOL measure. The NMA was measured before each feeding observation.
Weight was recorded daily at the same time each day using a scale accurate to 1 g. Data were collected using standardized paper and pencil forms. Feeding experience was monitored daily and recorded on the infant's study record in a prospective manner, thus there was no missing data. Measures of morbidity and maturity were collected by research assistants who were trained to reliability by the principal investigator. All data were entered into a secure database. Data were checked for completeness by the principal investigator and the statistician. Analyses were carried out using SAS.
Ethics
The study was reviewed and approved by the Institutional Review Board and parents of participating infants gave informed written consent.
Statistics
Statistical analyses were performed for each dependent variable using SAS (version 9.1.3). Predictor variables were tested for significance at a<0.05; nonsignificant variables were removed from preliminary models to result in final models. 
Results
Because of the non-normality of the distribution for both the time to full oral feedings and the length of time to discharge from the start of full oral feedings, these data were log-transformed using standard procedures. The log transformations resulted in normally distributed values for both outcomes. In a preliminary analysis, the number of days to full oral feedings was analyzed using multiple regression. This preliminary model included all subject characteristics described in Table 1 . The results of this preliminary analysis appear in the top portion of Table 2 . A number of factors were not significant in this preliminary analysis, including birth weight, weight at the time of the first oral feed and maturity. The remaining three variables were significant in the preliminary model, namely gender, infant morbidity and feeding experience.
It was observed that male infants took longer to achieve full oral feedings than female infants. Gender differences in other sample characteristics were then examined. Male infants were significantly heavier at birth (1489 versus 1314 g) and heavier at the first oral feeding (1739.5 versus 1558.3 g). Male infants did not differ from female infants on birth gestation (30 versus 29.5 weeks PMA), maturity at feeding start (32 weeks PMA for both), morbidity (11 most well and 8 most ill versus 12 most well and 15 most ill) or on the amount of feeding experience received (average of 5.3 versus 4.9 oral feedings per day). Morbidity (NMI) was measured at five levels. However, using Tukey's honestly significant difference (HSD), it was determined that there was a significant difference only in the days to full oral feeds between the most ill and most well infants. Accordingly, NMI value was used to collapse the sample into three groups (1, 2 þ 3 þ 4 and 5) and then entered into the final model. The average daily experience at oral feeding was also entered into the final model.
The final multiple regression for days to full oral feedings is shown in the bottom portion of Table 2 . Forty-seven percent (R 2 ) of the variability in days to full oral feeds from the first day of oral feeding was predicted by infant morbidity (NMI, P<0.01), infant gender (P<0.006) and the average daily experience of the infant (P<0.0001) (F ¼ 19.6, P<0.0001).
These results are depicted in Figure 1 . In the figure, each infant in the study is represented by a point; the legend indicates the morbidity (NMI) rating. As expected, the most ill infants (NMI ¼ five diamonds in the figure) took longer to achieve full oral feedings; these infants are found in the upper curve. The most well infants (NMI ¼ one, square in the figure) achieved full oral feeding in fewer days; these infants are found in the lower curve. In all NMI groups, those with less daily experience at oral feeding took considerably longer time than those with more daily feeding experience. For example, in the most well infants, the infant who had averaged more than six oral feeding opportunities a day achieved full oral feedings after about 8 days. This is in contrast to another infant in the most well group of infants who averaged fewer than two oral feeding opportunities a day. That infant took about 18 days to achieve full oral feedings. This same pattern is seen in all morbidity groups.
Time from the first oral feeding to the time to discharge was modeled in similar manner. In a preliminary analysis, the (log Experience and outcomes RH Pickler et al transformed) number of days to discharge was analyzed using multiple regression. This preliminary model included all subject characteristics described in Table 1 . The results of this preliminary analysis appear in the top portion of Table 3 . A number of factors were not significant in this preliminary analysis, including gender, morbidity, and PMA and NMA at the time of the first oral feed. The remaining three variables were significant in the preliminary model, namely DOL at the first oral feeding, weight at the first oral feeding and feeding experience. When the model was run with these three variables, weight at the first oral feeding was no longer significant. Thus, the final multiple regression model, are shown in the bottom portion of Table 3 , includes only DOL at the first oral feeding and feeding experience. Forty-one percent (R 2 ) of the variability in days to discharge from the first day of oral feeding was predicted by DOL at the first oral feeding (P<0.0001) and the average daily experience of the infant (P<0.0001) (F ¼ 29.4, P<0.0001). Table 4 shows the predicted days to full oral feeds and days to discharge from the first oral feeding for each NMI morbidity group. Average daily experience is shown here in four groups that summarize the experience at oral feedings that infants received. As the table shows, regardless of the infant's morbidity (NMI) grouping, infants who received more average daily experience at oral feeding achieved full oral feedings sooner and were discharged to home sooner than infants who received fewer opportunities to feed orally. Within each morbidity group, increased oral feeding experience was associated with a decrease in the length of time to full oral feedings and in the length of time to discharge from the start of oral feedings. Moreover, for length of time to full oral feedings, as feeding experience increased, the range of confidence interval narrowed.
The effect of feeding experience on weight gain was also examined using a mixed-model analysis of repeated measures. We found that infants in the study gained a minimum of 12.7 g per day and a maximum of 40.1 g per day, with an average daily Discussion Preterm infants with more oral feeding experience achieved full oral feedings sooner than infants with less experience. In addition, preterm infants who had more oral feeding experience had a shorter length of stay in the NICU once oral feedings were initiated. Moreover, infants with more feeding experience had these improved outcomes without incurring weight loss or slower weight gain. Although few have studied the effect of feeding experience on feeding outcomes, there are other studies that have achieved similar results. For example, McCain 10 has shown that an intervention involving nonnutritive sucking brings infants to an alert state that helps them to feed better, and thus leads to greater feeding experience. This experience in turn has been shown to shorten hospital stay. 11 Others have shown that preterm infants can be fed orally earlier and more frequently than previously thought possible, and that these experiences can lead to shortened transition time to full oral feedings and to shortened hospital stays. 16 In this current analysis, we found that not only did experience at oral feedings affect the transition time from gavage to full oral feedings but also that feeding experience contributed to this faster transition despite the severity of illness of the infant. For example, the most well infants with the least feeding experience achieved full oral feedings in 17.5 days and were discharged to home 20.4 days after starting oral feedings. Conversely, the most ill infants who received the greatest amount of feeding experience achieved full oral feedings in 13.2 days and were discharged to home 20.5 days after starting oral feedings. Although the numbers in these groups are small, this is a reduction of 6 days in the transition from gavage to full oral feedings.
Experience at oral feedings also predicted days to discharge from the start of oral feeding. However, despite a strong prediction model, there are many more factors that affect discharge besides the consumption of all feedings orally. These additional factors include parental readiness to take the infant home and the stability of the infant's other health conditions, such as apnea of prematurity. These additional factors are most likely to impinge on the discharge of the most ill infants, making the prediction of their length of stay after the start of oral feedings more difficult.
Preterm birth occurs in 12% of all US births and is a significant financial and social problem in the United States today. 17 The financial cost of NICU stays for infants similar to those in this analysis are reported to be as high as $31,000 each, a cost that does not take into account the psychological burden on families associated with having a hospitalized infant. 18 Length of NICU stay is one of the predictors of poor developmental outcome in infants who are born preterm, 19, 20 and one not amenable to quick or easy solutions. However, one potential source of reducing NICU stay is in feeding care. Thus, analyses such as the one presented here may promote a more structured approach to feeding than currently exists in most nurseries. A more structured feeding approach, one that includes more frequent oral feeding opportunities, might facilitate the transition from gavage to full oral feedings. This is not to suggest that infants should be forced to feed orally. However, preterm infants give very subtle cues for readiness, and these may be missed by caregivers unless careful assessment is made. At this time, easy to use, empirically derived tools for clinical assessment of readiness to feed orally at a particular feeding do not exist. 21 However, the results of this analysis suggest that increasing opportunities to feed orally on a more regular basis once oral feedings have been initiated and may result in more rapid advancement to full oral feedings. That is, the absence of any adverse behavioral or physiological signs, perhaps preterm infants, may benefit from the predictable offering of oral feedings rather than leaving this up to subjective decision-making.
However, although more rapid discharge is indeed a worthy goal for research and care providers, perhaps a more important benefit may be gained by offering infants more frequent and thus arguably more predictable feeding experiences. That is, there may be evidence to suggest that offering the infant the opportunity to attempt oral feeding at each scheduled feeding may help the infant's neurological system to develop along more normal pathways, especially in regard to the neurological systems that affect feeding during infancy and childhood. 9, [22] [23] [24] It can be noted that the findings reported here are from a nonexperimental study. Thus, they must be viewed carefully. More research is needed on the role of feeding experience on both important feeding outcomes and clinical outcomes such as those reported here.
